INTRODUCTION
Object oriented design, today, is becoming more popular in software development environment and Object Oriented design metrics is an essential part of software environment. The main objective of analyzing these metrics is to improve the quality of the software [1] , [2] , [6] . Detection and removal of defects prior to the customer delivery is extremely important in the software development. Therefore, finding out the relation of defects with various measurement techniques in the process of software development becomes imperative. Does the size of a class in software development affect the defect proneness of software? Is there any effect of higher number of methods in a class on defects? These are some of the basic questions that need to be answered at the design time only. In this paper first we have discussed the Chidamber and Kemerer metrics suite first, then the methodology & analysis to answer above mentioned questions.
CK Metrics Suite

Weighted Method per Class (WMC) -WMC
measures the complexity of a class [3] . WMC is a predictor of how much time and effort is required to develop and maintain the class. A large number of methods also mean a greater potential impact on derived classes, since the derived classes inherit the methods of the base class. If we analyze the WMC then we will find that high WMC leads to more faults which increases the density of bugs and decreases quality.
Depth of inheritance Tree (DIT) -DIT metric is
the length of the maximum path from the node to the root of the tree. The deeper a class is in the hierarchy, the more methods and variables it is likely to inherit, making it more complex [2] . High depth of the tree indicates greater design complexity. Thus it can be hard to understand a system with many inheritance layers [4] . A high DIT has been found to increase faults and many methods might be reused. 
Number of Children (NOC)
-
Coupling Between Objects (CBO) -Two classes
are coupled when methods declared in one class use methods or instance variables defined by the other classes. Multiple accesses to the same class are counted as one access. Only method calls and variable references are counted. An increase of CBO indicates the reusability of a class will decrease; also a high coupling has been found to indicate fault proneness. Thus, the CBO values for each class should be kept as low as possible.
Response for a Class (RFC) -
The RFC is the count of the set of all methods that can be invoked in response to a message to an object of the class or by some method in the class. This includes all methods accessible within the class hierarchy. Pressman, states that since RFC increases, the effort required for testing also increases because the test sequence grows. If RFC increases, the overall design complexity of the class increases and becomes hard to understand.
Lack of Cohesion (LCOM)
-LCOM measures the dissimilarity of methods in a class by instance variables or attributes. A highly cohesive module should stand alone; high cohesion indicates good class subdivision. LCOM measures the amount of cohesiveness present, how well a system has been designed and how complex a class is [3] . LCOM is account of the number of method pairs whose similarity is not zero. Lack of cohesion or low cohesion increases complexity, thereby increasing the likelihood of errors during the development process. If LCOM is high methods may be coupled to one another via attributes and then class design will be complex. So, designer should keep cohesion high, that is, keep LCOM low.
REVIEW OF RELATED LITERATURE
Amjan Shaik et al. (2010) have done statistical analysis for object oriented software metrics on CK metric suite by validating the data collected from the projects of some students. Metrics data provided quick feedback for software designers and managers. They found out that if appropriately used; it could lead to a significant reduction in cost of the overall implementation and improvement in quality of the final product. Victor R. Basili et al. (1996) conducted empirical analysis on Object Oriented metrics. The aim of the paper was to access these metrics as predictors of fault prone classes.
RESEARCH OBJECTIVE & HYPOTHESIS FORMULATION 3.1 Research Objectives
The main objective of this paper is to understand the relationships between some selected metrics with software defects at a class level. We have taken one traditional metrics i.e. Size and two metrics of CK metrics suite i.e. WMC & CBO. We have tried to find out empirically how the size, WMC & CBO of the class affects the defect proneness in a software, especially when applied to inherently different software.
Hypothesis Formulation
Based on the literature we have formulated following three hypotheses for our study:
H1: Larger the class size, higher shall be the number of defects in software H2: Larger the values of WMC in classes, higher shall be the number of defects H3: Larger the values of CBO in classes, higher shall be the number of defects
METHODOLOGY
The primary purpose of the study was to find out the impact of three selected metrics, one traditional i.e. size & two object oriented metrics i.e. WMC & CBO, on defects found in software designs. To achieve above purpose we have taken data from various projects developed by the students of B.Tech final year under the guidance of experienced faculties for diversified applications. The experience of the faculties varied from 4-10 years in object oriented programming. Also, all the students who were involved in developing these projects had been through the various programming languages since third semester. We have selected only those projects which have used Java as primary language for the development of the project. The projects considered for the study were of variety of nature such as memory management, customer management, Online Banking Transaction, Shopping website, etc. In total we have taken 50 classes for this study & calculated the above said metrics for them. Due to the unavailability of the source code of all the projects, we have collected data through discussion with project guide, student teams & documentations maintained by them. Also, we have checked the SRS prepared by the students & tested their project by applying various cases. SIZE metric is based on the information given by the students while WMC & CBO is taken out from the documentation & bit part of the source code given by them. To analyze the values of defects, views of various faculty members and some students during testing. The measurement of metrics is as follows: 
CBONumber of classes to which a given class is coupled
Past literature indicates that relationship between defects; Size and Metrics are not linear [6] . However, we have tried to test & verify that in this study. Therefore, we applied multivariate linear regression but found out that the relationship was non-linear. To find out a non-linear relationship, we generally used BOX-COX transformation for the above mentioned dependent & independent variables [13] . y = (y λ -1)/ λ
We know that λ value close to zero indicates need for logarithmic transformation, the value close to 1 indicates linear form of dependent variable & value close to -1 indicates that a reciprocal transformation is appropriate. Since in our study the λ value was close to -1 but we also had many values 0 therefore we have 1 + defects as dependent variable. Our empirical model for our analysis is as below-1/(1+Defects) = a + β1 (SIZE) + β2 (WMC) + β3 (CBO) + e …………..
In the above equation, a is the constant, β1, β2 & β3 are the coefficients of SIZE, WMC & CBO respectively. These coefficients capture the effect of each one these variables. Here, e is an error term. Since Defects have a reciprocal relationship with each independent variable therefore higher values of each coefficient would imply association with lesser number of defects.
ANALYSIS OF THE DATA
The above mentioned model has been empirically tested using Ordinary Least Square regression for Java classes selected from projects. To eliminate the problem of heteroskedasticity, weighted least square procedure was used.
The basic descriptive statistics of the variables involved is shown below in the table no. 1.
Table (1): Descriptive Statistics
As visible from the above table, the total number of classes taken in this study is 50 and we calculated size, defects, WMC & CBO for these classes. The mean values for defects, WMC & CBO for these classes may be higher primarily due the reason that the projects which have been taken for the study have been developed by final year students pursuing B.Tech courses.
The following table exhibits correlation amongst independent variables & the degree of correlation. In our study, the correlations amongst these variables have been found to moderate but significant.
Table (2): Correlations amongst independent values
** Correlation is significant at the 0.01 level (2-tailed).
To check the problem of multicollinearity amongst independent variables i.e. SIZE, DEFECTS & CBO, we checked data by using the conditions as specified in Belsley et. al. (1980) In all cases the maximum condition indices were well below the critical value of 20 as suggested by Belsley.
The following table exhibits weighted least square estimates for our empirical model (1) . Because of the problem of heteroskedasticity in our model we used the procedure of weighted least square estimates by applying square root of class size as weight. 
b. The impact of WMC on Defects
The weighted least square model results show that WMC ( with value of -.104) has again a positive relationship with number of defects indicating that increase in the number of methods is going to increase the number of defects. However, the relationship between defects & WMC has been found insignificant at 5 % level. In other words, our hypotheses number two i.e. H2 is rejected for the model.
c. The impact of CBO on Defects
The standardized beta value for the metric Coupling between Objects in our empirical models is .140 indicating an inverse relationship between CBO & defects. Also, this value has been found insignificant at 5 % level. Therefore, we reject our third hypotheses i.e. H3.
CONCLUSION
In this paper we have made an effort to find out the nature of relationships between the Defects in software designs developed in Java and some selected metrics such as class SIZE, WMC and CBO. Also, how do all these metrics impact the defects proneness of software have been analyzed? [6] [12] Various studies in the past have shown a positive and significant relationship between the number of defects and SIZE, WMC and CBO. Most of these studies had used either a single project or controlled similar projects to collect data for these variables. But in this study, we tried to test these relationships to different projects and have found some inconsistencies in results. Though, class size has been found to have a positive & significant impact on defects, which was consistent with earlier findings, but other two variables i.e. WMC & CBO have been found to have insignificant impact on defects which is not consistent with earlier findings. One the possible explanation for this could be the difference in the nature of projects which have been used in our study to collect metric data related to these variables.
One the important conclusions that may be drawn from this study is that even most recognized metrics that are used to predict the defect proneness of software may not be sufficient enough when applied to diverse kind of projects. We may need some more metrics to enhance the predictability in defect proneness of software designs.
